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Abstract: We tackle the theoretical implications of an emergent field of study, ubiquitous music 
(ubimus). Striving to place musical research within the wider field of creativity studies, this paper 
covers theoretical background and critical discussions of three music creativity models - a model 
proposed by Mannis (2014), the In-group, Out-group model (MDF - Ferraz and Keller 2014) and 
the ecologically grounded perspective (Keller and Lazzarini 2017). Data and on-site observations 
of creative activities provide the raw materials to test musical theories. Recent ubiquitous music 
research features multiple experimental initiatives, involving children (Pereira et al. in press), 
adolescents (Lima et al. 2012) or the elderly, and targeting trained musicians (Ferreira et al. 2015), 
novices (Miletto et al. 2011) and cognitively challenged adults. We chose three ubimus studies to 
exemplify empirical research that brings to light issues that have not been considered by some of 
the current theoretical approaches to musical creativity. 
 
Keywords: musical creativity; ubiquitous music; experimental music. 
 
Resumo: Abordamos as implicações teóricas de um campo de estudos emergente – a música 
ubíqua (ubimus). Buscando situar a pesquisa musical dentro dos estudos sobre criatividade, este 
artigo abrange o substrato teórico e as discussões críticas de três modelos de criatividade musical 
– um modelo proposto por Mannis (2014), o Modelo Dentro-Fora (MDF - Ferraz e Keller 2014) e 
a perspectiva ecológica (Keller e Lazzarini 2017). Os dados e as observações in loco de atividades 
criativas forneceram materiais brutos para testarmos teorias musicais. Pesquisas recentes em 
música ubíqua concentram-se em múltiplas iniciativas experimentais, envolvendo crianças 
(Pereira et al. no prelo), adolescentes (Lima et al. 2012) ou idosos, e focando em músicos 
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profissionais (Ferreira et al. 2015), iniciantes (Miletto et al. 2011) e adultos com deficiências 
cognitivas. Escolhemos três estudos em música ubíqua para exemplificar as pesquisas empíricas 
que trazem à luz problemas que ainda não foram tratados desde as perspectivas teóricas da 
criatividade musical. 
 
Palavras-chave: criatividade musical; música ubíqua; música experimental 
 
 
1 ‐ Introduction 
 
Although computers have been used within the context of creative 
musical practices since the early days of computer science (Lazzarini 2013), 
technology-based creative music research still presents serious methodolog ical 
difficulties. On the one hand, general creativity theories have seldom been 
applied to study creative musical phenomena in real-world settings. On the 
other, computer science research has generally targeted the support of music 
production (e. g., sound synthesis, real time control, graphic user interface 
design) rather than address the users' needs within the context of creative 
activities (Eaglestone et al. 2007), leading to a less than ideal connection between 
the advancement of technological tools and music creation. Upton and coauthors' 
(2005) bleak assessments of the state of the art still holds true: 
 
There is currently a lack of a research base for electroacoustic composition 
systems. Studies have been mainly restricted to ‘traditional’ tonal Western Art 
Music. The search for objective models of composition is also exacerbated by 
sparsity of insightful research into creativity, particularly from a software 
perspective. Appropriate methodology is also problematic because of the 
difficulty of determining the cognitive processes of composers. Further, 
derivation and validation of models requires empirical studies, but these have 
rarely been used to research composition. The [...] experimental studies that exist 
fail to address interaction with computer systems, or to address the complexities 
of professional composition. Few go beyond trivial composition exercises using 
crude and simple sound sources (Upton et al. 2005). 
 
Since 2007, the Ubiquitous Music Group has been engaged in a 
multidisciplinary effort to investigate the creative potential of converging forms 
of social interaction, mobile and distributed technologies and materially 
grounded artistic practices. We have proposed the adoption of the term 
'ubiquitous music' (ubimus) to define practices that empower participants of 
musical experiences through socially oriented, creativity-enhancing tools (Keller 
et al. 2014a). A consensual definition, established through collaborative work 
within our community of practice, summarizes the research efforts of three 
distinct but complementary methodological approaches within the field: (1) the 
computational perspective, (2) the dialogical view, and (3) the ecologically 
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grounded framework. The computational perspective targets the development 
of computational tools for supporting ubiquitous musical activities by non-
musicians (Flores et al. 2014; Lazzarini et al. 2012; Miletto et al. 2011; Pimenta et 
al. 2012), proposing design patterns and metaphors for interaction to boost 
creativity. The dialogical approach focuses on the educational and philosophical 
issues raised by ubimus practice, highlighting the applicability of research 
methods grounded on the Brazilian educational movement (Brown et al. 2014; 
Lima et al. 2012) and impacting the area of participatory design (Keller et al. 
2014). The ecologically grounded perspective proposes the fusion of creativity 
studies with ubiquitous music practices, signaling a path toward the application 
of experimental ubimus research to increase our understanding of creative 
phenomena in everyday settings (Keller et al. 2010; Keller et al. 2014b; Keller and 
Lazzarini 2017). This approach has fostered a surge of methodological and 
empirical questions around the emerging field of everyday musical creativity 
studies (Pinheiro da Silva et al. 2013; Keller et al. 2013a; Keller and Lima 2016). 
Despite mutual acknowledgments and ongoing exchanges, such as those 
documented in the context of the Ubiquitous Music Workshops (2010-2016), the 
computational approach, the educational view and the ecological perspective are 
only loosely connected. On one hand, this keeps the flow of ideas afresh, allowing 
for diverse – and sometimes contradictory – views to coexist. On the other hand, 
an implicit eclecticism prevents the application of theory-driven empirical work, 
precluding the use of previous knowledge to tackle new research problems. 
Symptoms of this limitation are particularly prominent when designing new 
experiments. What are the most important variables to be assessed during 
creative activities? How are the creative products related to the computational 
infrastructure? What is the impact of previous educational experiences on the 
potential for group-based musical creativity? Last but not least, another ongoing 
interrogation in current ubimus research is whether the computational support 
should be targeted toward domain-specific or general creativity factors. 
This paper tackles musical creativity models, highlighting an emergent 
ecological perspective within the context of ubimus research. The first section 
provides a theoretical background necessary to place musical research within the 
wider field of creativity studies. Hopefully, the contributions provided by the 
ubimus experiments reported in this paper may nurture advances in creativity 
studies. The second section features critical discussions of three creativity models 
applicable to music making: a model proposed by Mannis (2014), the In-group, 
Out-group model (MDF - Ferraz and Keller 2014) and the ecologically grounded 
perspective (Keller and Lazzarini 2017). To ensure the applicability of the 
theoretical proposals, experimental methods are needed to provide data and on-
site observations of creative activities. Ubiquitous music research - outlined in 
the third section - features multiple examples of experimental initiatives, 
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encompassing a diversity of participants - from children (Pereira et al. in press) 
to adolescents (Lima et al. 2012) to the elderly, including trained musicians 
(Ferreira et al. 2015), novices (Miletto et al. 2011) and cognitively challenged 
adults (Silva et al. 2016). Given the focus on music-theoretical proposals, we have 
chosen three empirical studies that exemplify emergent issues in ubimus 
research. Case 1 encompasses multiple studies targeting everyday manifestations 
of musical creativity. Case 2 describes a study that brings together musicians and 
casual participants doing improvisatory sessions in a non-traditional venue. 
Finally, case 3 reproduces the findings of a longitudinal study involving the 
elaboration of a multimodal installation by three artists. The outcomes of these 
experiments are discussed in the fifth section of the paper. Here, the theoretical 
issues raised by the creativity models laid out in section 2 are set against the 
experimental results. We highlight the potential for applications in empirically 
grounded music theory and indicate the limitations of the adopted creativity 
support methods. The final section summarizes the findings and lays out possible 




2 – Issues in Creativity Studies 
 
The magnitude or scope of creativity separates creative outcomes 
according to their level of achievement. According to (Beghetto and Kaufman 
2007; Kaufman and Beghetto 2009), creativity magnitudes encompass four 
categories: Big-c, pro-c, little-c and mini-c (Kozbelt et al. 2010, p. 23) (Table 1). Big-
c or eminent creativity are manifestations socially established as paradigmatic 
examples of creative outcomes. Typical examples are published works of art and 
scientific theories. Eminent creativity manifestations necessarily target creative 
products, thus professional products that do not involve wide social exposure 
are excluded from this class. Personal experiences that lead to creative products 
are treated within the context of everyday or little-c creativity studies (Richards 
et al. 1988). Kaufman and Beghetto (2009) provide a finer distinction among 
everyday creative phenomena by introducing the mini-c category. Mini-c 
creativity involves internal, subjective and emotional aspects of everyday 
creativity. Thus, the little-c label is reserved for everyday creative phenomena 
that yield creative products, while the mini-c label is used for outcomes that do 
not yield material products. Between little-c and Big-c phenomena, Kaufman and 
Beghetto (2009) suggest another creativity magnitude: professional creativity or 
pro-c. Pro-c studies focus on professional creative achievements that do not attain 
widespread recognition to be labelled as eminent creativity. 
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label magnitude description label 
Big-c eminent creativity Socially acknowledged creative performance Big-c 
pro-c professional 
creativity 
Creative performance that does not 
necessarily imply widespread recognition 
pro-c 
little-c everyday creativity Personal creative performance  little-c 
Tabel 1: Creativity magnitudes: the four-c model (Beghetto and Kaufman 2007; 
Kaufman and Beghetto 2009) 
 
Theories of creative performance focus on unambiguously creative 
behavior. Hence, they try to link creativity factors to creative processes and 
products by studying the outcomes of the creative activity. Contrastingly, studies 
of creative potentials strive to identify factors that foster or suppress creativity in 
individuals and human groups. Thus, the focus is on unfulfilled possibilit ies 
rather than on actual creative results. Runco's (2007) two-level hierarchy divides 
creativity theories into two groups: 1. those that deal with creative potential; and 
2. those that focus on creative performance (Table 2). Within the former class of 
theories, some approaches deal with factors related to personality (person) and to 
places (also called environmental pressures or press). Theories that focus on 
potentials open opportunities for research on predictors, i.e., variables that 
influence creative outcomes. Examples of predictors are: personality traits, 
environmental pressures (impacting long-term and short-term adaptations) and 
cognitive and social resources available for creative activities (included within 
the process factors in Runco's two-level hierarchy). 
 
Level 1 c-potential c-performance 
Level 2 person products 
 process persuasion 
 press / place interactions (among c-factors) 
Tabel 2: Creativity factors according to Runco (2007) 
 
Runco's two-tier framework incorporates one of the most influential 
classifications of the basic elements of creativity, the 4Ps: person, product, process 
and press (Rhodes 1961). Rhodes (1961, p. 305) proposed that “the word creativity 
is a noun naming the phenomenon in which a person communicates a new 
concept (which is the product). Mental activity (or mental process) is implicit in 
the definition, and of course no one could conceive of a person living or operating 
in a vacuum, so the term press is also implicit.” This classification was later 
expanded by Kozbelt et al. (2010) to include creative potentials (Runco 2004) and 
persuasion (Simonton 1990). Proposals that focus on persuasion view creativity as 
the result of the ability of individuals to influence the direction taken by a creative 
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domain. These proposals stress the social value of the creative products, 
excluding manifestations that focus on personal or subjective aspects of 
creativity. 
More recently, a sociocultural approach has been laid out by Glăveanu 
(2013). Glăveanu's  5As framework features a systemic relationship among three 
stakeholders: actors, audiences and artifacts (Table 3). In this sociocultural model, 
creativity is concerned with the action of an actor or a group of actors, interacting 
with other actors (audiences) and with the material world. The creative exchange 
is done through affordances (Gibson 1977) leading to the generation of new and 
useful artifacts, which feature modified affordances. While actors engage in 
creative actions, they produce are share artifacts with an audience. These actions 
are done within cultural and social contexts which foster and constrain the 
creative behaviors. 
 
4Ps factors description 5As factors description 
person internal attributes of the person actor personal attributes in relation to 
the social context 
process cognitive mechanisms action coordinated psychological and 
behavioural manifestations  
product features of physical objects or 
the consensus around them 
artifact Cultural context of artifact 
production and evaluation 
place press the social as an external set of 
variables  
place press the social as an external set of 
variables  
  affordances The interdependence between the 
creators and the material world 
Table 3: Glăveanu's  5As sociocultural proposal and the 4Ps framework 
(after Glăveanu's 2013) 
 
A comparison of the 5As with the 4Ps framework highlights the former's 
emphasis on the social and material context of the creative act (Table 3). While 
person stands for the individual's characteristics, actor stresses the factors that 
connect the individual with her social context. Process focuses on the cognitive 
mechanisms involved during creative activities. Contrastingly, action implies a 
tight integration of cognition and behavior, pointing to an embedded-embodied 
view of cognition (Gibson 1979). Product – which describes the features and the 
consensus built around creative results – is replaced by artifact, encompassing 
both the material and the behavioral results of creative activity within a specific 
cultural context. Place or press defines a set of external variables that condition 
creative activity. This factor is replaced by audiences and affordances, underlining 
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3 – Theoretical Approaches to Musical Creativity 
 
Recent models of musical creativity have focused on domain-specif ic 
aspects of creativity. As summarized in Keller (2013), current musical creativity 
practices follow three trends:  
1. Approaches centered on acoustic-instrumental aspects: rooted on the 
nineteenth-century tradition of instrumental music, it focuses on professional 
and eminent creativity. This view has been adopted by the majority of proposals 
in digital musical instrument development (see NIME - New Instruments for 
Musical Expression for multiple examples). While breaking some new ground in 
terms of seizing the interactive potential of new technologies, it is a continuation 
of a long-standing paradigm. 
2. Approaches centered on algorithmic aspects: this trend is grounded on the 
early work on Artificial Intelligence and has had a heavy influence on computer 
music practices (McCormack 2012; Nierhaus 2009; Coelho de Souza and Faria 
2012). Current proposals have moved beyond the early attempts to reproduce 
stylistic characteristics of instrumental music - as exemplified in the pioneering 
work by Hiller and Isaacson (1959) and in the multiple style-oriented studies 
produced by Cope (2004). 
3. Approaches centered on human aspects: this perspective gathers contributions 
from information technology creative practices (Mitchell et al. 2003), interaction 
esthetics (Löwgren 2009) and ecologically grounded creative practices (Keller 
2012; Keller and Capasso 2006; Keller and Lazzarini 2017). 
Each of these perspectives furnishes concepts, methods and tools for 
music making. But their specific contributions to theoretically driven research on 
creative practice are still unclear. There are at least two aspects to be considered. 
Firstly, despite the complex relationships between the models and the data 
analysis - as will be addressed in the discussion below - the proposals should 
strive for validation through actual deployments. A tight bond between a model 
and a data gathering and analysis process increases the weight of the theory. 
Ideally, a model should be falsifiable and replicable. It should be possible to 
establish its range of applications. Nevertheless, the elusiveness of the objects of 
creativity studies usually precludes clear-cut boundaries. Creative practice yields 
products and processes that cannot be defined a priori. This means that the 
validity of a theory cannot be limited to the extant musical repertoire. Creativity 
support tools should allow room for new ways of music making. If a musical 
model is turned into a prescriptive tool, the artistic results may be satisfactory, 
but not creative. 
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The second aspect to be considered is the relationship between the 
proposed music theory and the state-of-the-art views on creativity. The dialogue 
between musically minded creativity theorizing and the broader area of 
creativity studies has been scant. It could be argued that the methods employed 
in areas prone to formalization - such as engineering - are not easily translatable 
to the artistic realm. A common mistake is to try to apply the recipes of problem-
solving to every creativity domain (Newell et al. 1958). Problem-solving 
demands a clear specification of a goal at an initial stage of the creative cycle. 
While this is possible in some forms of music making - such as in rule-based 
instrumental counterpoint writing - it can hardly be applied to the wide range of 
twenty-first century musical practices. 
More generally, current discussions in creativity theory try to untangle 
domain-specific and general creativity factors (Baer 2015; Kaufman and Baer 
2005). With few exceptions (Katz and Gardner 2012), this issue has been ignored 
in music theorizing. For example, the acoustic-instrumental approach takes as a 
given that all forms of music making adopt a simplified form of sonic parameter 
mapping: discrete pitches (preferably following the standard temperament), 
discrete durations (ideally represented as notes and generally within a meter-
based representation) and a predefined set of timbres (usually emulating acoustic 
instrumental sources)1. Furthermore, almost all forms of musical interaction 
within this perspective are based on bodily gestures. While the latter constraint 
is well suited for technologies that try to reproduce the behavior of acoustic 
musical instruments, other approaches to music making - such as those based on 
technological or environmental resources for creative actions - are not amenable 
to an anthropocentric approach. Given this context, we will analyze whether the 
music creativity models under discussion meet at least two criteria: 
1. do they provide a set of variables that can be observed through 
actual deployments? And… 
2. do they take into account the factors that impact the creative 
activity beyond a narrow musical domain? 
 
 
4 – Ecologically grounded creative practice 
 
 In the late 1990s, the application of embedded-embodied theories on 
cognition (Clark 1999; Gibson 1979) laid out a path to an alternative view of 
musical creativity. Windsor (1995) and Keller (1999a; 2000) provided the initial 
coverage of the embedded-embodied approach to music making and music 
                                                 
1 Wishart employs the term lattice-based music for the products of this aesthetic approach. 
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perception literature. Through an acute and highly critical essay, Windsor (1995) 
brought several ecological concepts into the realm of musical analysis. His 
proposal – although tuned to the demands of studio-centered electroacoustic 
practice – highlighted the close affinity between sonic art practices and 
ecologically oriented theoretical efforts. Working independently from a 
complementary perspective, Keller and Truax (1998) proposed a Gibsonean 
approach to music making. Ecologically grounded synthesis techniques were 
presented as a proof of concept of the applicability of the embedded-embodied 
view on cognition within the context of creative music making. 
A series of artistic projects by the Capasso+Keller+Tinajero Collective 
(1997-2001) (Keller and Capasso 2000) unveiled several shortcomings in the 
existing music-theoretical tools. The undue stress on creative products, 
previously uncovered by Laske's (1989) research, was further questioned through 
an increased focus on creative potentials (Keller 1999a; Keller 2001; Keller and 
Capasso 2000). Three interrelated concepts have boosted the notion that part of 
the aesthetic decisions could be left in the hands of the audience: 
1. structural coupling: the close relationships among resources and 
creative agents; 
2. pattern formation: the dynamic space-time distribution of 
creative by-products which could be fed back into the creative 
process; and 
3. emergent properties: the materializations of the pattern 
formation processes as aesthetic experiences. 
In 2001, after discussing the implications of the application of ecological 
models in creative practice, Keller synthesized those findings in these words: 
“[The ecological] perspective places the concepts of potentiality and actuality in 
musical meaning within the broader context of mutual determination between 
the individual and the environment. In this context, the interaction between the 
individual’s specific sonic experiences and the music’s structural processes 
establish a form-creation [dynamic] that brings forth an ever-changing history of 
meanings.” (Keller 2001: 10).  
Computational applications have been at the center of ecocompositional 
practices since the initial proposals in 1997. Two early works ... soretes de punta 
(Keller 1998) and touch'n'go / toco y me voy (Keller 1999b) demonstrated that 
ecological modelling could serve as a support methodology for creative musical 
activity (Keller 1999a; Keller and Truax 1998). These works featured the notion 
that emergent properties could be elicited through interactions among agents 
and objects within ecological niches. The adoption of a strict Gibsonian 
perspective implied a strong emphasis on the multimodal event as a working unit 
for creative practice. Later artistic projects – The trade / Oro por baratijas, The urban 
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corridor / Corredor urbano (Capasso et al. 2000), Ukiuq Tulugaq (The Winter Raven) 
(Burtner 2005) – unveiled the need to extend the ecological approach to account 
for higher temporal levels. This trend was expressed in the following terms: 
 
Eco-composition emphasizes the relationships between the compositional 
processes and the geographical, [ethnological] and historical factors that inform 
the piece. From this perspective, the creative context becomes an integral part of 
the work. Furthermore, this dialogic relationship between extra-musical sources 
and compositional methods sometimes creates acute contradictions within the 
piece, steering the compositional process toward new directions. (Keller and 
Capasso 2006, p. 58). 
 
During the first decade of the twenty-first century, several composers 
started a search for methods to handle action-perception cycles within their 
compositional practice. Barrett (2000), Opie and Brown (2006) and Harris (2009) 
developed data-extraction techniques that provided tools to deal with the 
complexity of the local sonic resources for musical purposes. Burtner (2005) 
explored the usage of synthesis techniques in external settings, coining the 
concept of socio-synthesis. Di Scipio (2008) employed the venue's acoustical 
properties to increase the available resources for performance-based 
compositional systems. Nance (2007) proposed the use of aural scores as a way 
to increase the openness of instrumental works. Cádiz (2012) employed 
ecologically based synthesis methods in the context of orchestral works. And 
Basanta (2010) and the Capasso+Keller+Tinajero Collective (2000; 2004; 2012; 
2013; 2014) made use of ecologically based interaction techniques to enhance the 
creative participatory potential of their installation artworks. All these initiatives 
have contributed to the methods presently gathered under the rubric ecologically 
grounded creative practice (Keller and Lazzarini 2017). 
 
 
5 – The perception-analysis-resynthesis model 
 
Mannis's (2014) model applies the notion of sonic analysis-synthesis (Luce 
1963) to the realm of creative practice. This three-stage model is structured as a 
directed cyclic sequence. The cycle starts with perception. After the extraction of 
(sonic) information, the operations of association, comparison and classification 
are applied. This leads to the second stage, analysis. Known musical models, 
structures and taxonomies are employed to provide the basis for a hypothesis-
construction process. Three broad strategies are available: regressive (or 
subtractive), expansive (or additive) and detouring. Alternatively, Mannis 
mentions the traditional approaches to problem solving: deduction, induction and 
abduction. The embedded aspect of the proposal is explicit in the mimetic 
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procedures applied during the resynthesis stage. Through a process of 
assimilation (knowledge incorporation or renewed understanding), a continuum 
between realistic sonic representation and fiction is constructed. This stage feeds 
back into the perception stage, providing the basis for the next creative iteration. 
 
 
Mannis (2014) model: perception, analysis and synthesis 
 
Burnard and Younker (2004) model 
Figure 1: Comparing Mannis's (2014) perception-analysis-resynthesis model  
with Younker´s and Burnard´s (2004) iterative model 
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Mannis's model (MM) is closely aligned with Burnard and Younker (2004) 
iterative model – BYM (see Keller et al. 2014 for a review). The perception stage 
provides an expanded version of the find stage in BYM. Both models refer to the 
resource foraging activity that is usually described as a precompositional 
generative stage. The analysis stage has a close resemblance to the fix stage in 
BYM, involving the selection and classification of resources to provide a viable 
setting for decision making. Finally, the resynthesis stage involves the subtractive 
processes implicit in the focus stage of the BYM. Nevertheless, MM's depiction of 
the creative cycle differs in two key aspects with the BYM structure. Firstly, the 
edges are directional, that is, the stages follow a fixed sequence: perception-
analysis-resynthesis. BYM's structure is non-directional, any stage can follow or 
precede any other stage. Furthermore, BYM includes Wallas's (1926) incubation 
stage, described as time away. 
Mannis's model partially addresses the concerns expressed by Keller et al. 
(2011). The importance of mimesis as a mechanism for creative activity has 
recently been underlined by the development of support infrastructure for 
ubiquitous musical activities. Both social interactions and interactions with the 
environment seem to shape the affordances for creative action (Keller et al. 2010). 
Thus, mimesis can be applied to two information-foraging strategies: interactions 
through social affordances and interactions through material (or natural) 
affordances. MM incorporates the three operations proposed by (Keller 2012): 
expand, constrain and shift. The shift operation (labeled detouring in MM) targets 
the mechanisms that fall outside the classic problem-solving approach (Newell 
et al. 1958). This operation produces material, behavioral or cognitive resources 
that were not available before the start of the creative activity. A key feature of 
the embedded-embodied approaches to cognition is a tight feedback between 
perception and action (Gibson 1979). Thus, the strongest link of MM to 
ecologically grounded paradigms is the emergence of resources during the 
exploratory activity, rather than through the application of disembodied 
analytical or problem-solving strategies. Nevertheless, some aspects of the model 
may not be amenable to ecologically grounded creative practice. 
This model is likely to lead to successful results only if fostered by a 
supportive environment. Emmerson (1986) argues that an analysis - synthesis 
configuration, such as the one proposed by MM, would work fairly well in some 
realms of human activity (e.g. the natural sciences), but less clearly so in artistic 
endeavors. This is to do with the fact that the output of the analysis (explanation) 
is not univocal to the synthesis (prediction) element. Exploratory activities 
demand multiple instances of the synthesis stage to attain satisfactory directions. 
The lack of directionality and causality of the artistic activity puts a question 
mark on the applicability of the analysis-synthesis relationship. Only within a 
context that “encourages criticism and serious reconsideration of principles” 
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(Emmerson 1986), the loop from synthesis to analysis and back to re-synthesis 
has a reasonable chance of working. A corollary of this argument is that we 
cannot adopt analysis uncritically as a foundation for systems, theories or 
methods of artistic creation, but possibly only as a good means of learning about 
them. As Emmerson suggests – rather than propose analysis-synthesis as a full 
explanatory framework – we should view it as a “process of understanding, 
refining, and perhaps assisting decisions based on perceptual criteria” 
(Emmerson 1986, p. 22). 
Some of the limitations of the creativity models discussed in (Keller et al. 
2011) are also relevant to the perception-analysis-resynthesis model. Recent 
advances in ecological cognition underline the importance of social interactions 
as a stabilizing mechanism for shared knowledge (Hutchins 2010). For instance, 
the concept of audience - recently proposed as a key creativity factor by Glăveanu 
(2013) - stresses the fact that all creative activities rely upon social exchanges.  The 
social dimension has been explicitly addressed in ecologically grounded creative 
practices since 2000 (Keller and Capasso 2000). Therefore, both the theoretical 
approaches and the creative practice point to the need to include social 
interaction as a key element of ecologically grounded models of musical 
creativity (see discussion on behavioral ecologies below).  
Another creativity factor that seems to be absent in MM is place (Rhodes 
1961). Despite the push toward the incorporation of mimesis, MM seems to adopt 
a narrow approach to embodiment. Rather than establishing a rapport between 
environmental features and aesthetic decisions (Keller 2000; Truax 2002), MM´s 
interpretation of mimesis seems to be limited to the imitation of animal 
behaviors. Undoubtedly this is an important class of phenomena, but it is not the 
only type of information that impacts creative activity. Recent ubimus research 
indicates that the material resources – i.e., objects and sonic cues – may also shape 
the actions of the agents through the use of constraints provided by the local 
environment to assist in the aesthetic decision processes (Keller et al. 2013).  
 
 
6 – Distributed agency: behavioral ecologies 
 
Jones et al. (2012) suggest that individual compositional activities can be 
modeled through two stages: generation and evaluation (henceforth the 
generation-evaluation model). Following McGraw's and Hofstadter's (1993) 
proposal, generation encompasses both foraging activities and the internal 
processes that lead to new ideas. Evaluation involves processes of selection of the 
available resources. These two activities are carried out through three operations: 
amplify, when the pool of resources gets larger; constrain, when the pool of 
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resources gets smaller; and no operation, when the resources are unmodified. A 
fourth operation, involving a radical change of perspective, is labelled impose. 
The generation-evaluation model gives support to the ecologically 
grounded view on musical creativity as laid out by Keller (2012). Based on the 
procedural analysis of five representative works of the late twentieth century, 
Keller (2012) suggests that sonic ecologies involve interactions among human 
agents and material resources. These interactions can be described by three 
operations on the material resources: expand, when the pool of resources gets 
larger; constrain, when the pool of resources gets smaller; and shift, when a 
qualitative change of resources is involved. 
Jones and coauthors (2012) usage of the nil operator - suggested by the lack 
of change in the resource pool - is consistent with the incubation stage proposed 
by Wallas (1926). The lack of activity has been incorporated by the majority of 
recent musical creativity models (cf. reviews in Keller et al. 2014). It is usually 
described as time spent away from any focused activity. Given the recent 
findings on the function of the default mental network – i.e. the neural pathways 
stay active despite the lack of conscious processes usually linked to the area of 
the prefrontal cortex – it is very likely that activities that have no impact on the 
material resources, such as sleeping or doing repetitive physical activity, provide 
an opportunity for reconfiguring the cognitive resources devoted to the creative 
act. Hence, a more accurate description of the nil operator is the lack of explicit 
or conscious processes, enhancing the role of the implicit cognitive resources. 
Despite Jones´s and coauthors' acknowledgement of the distributed 
nature of the creative act, the generation-evaluation model does not account for 
phenomena involving the active participation of distributed agents and 
resources. There are two aspects to be considered. On one hand, as multiple 
studies have shown since the early ecologically grounded proposals (Burtner 
2005; Keller 1999; 2000; Keller and Capasso 2006), musical creative activities are 
embedded. That is, they do not depend only on the cognitive resources of the 
participants. Eco-grounded musical activities feature emergent properties arising 
from interactions among human agents and material resources, namely 
affordances. These are defined as opportunities for action provided by the features 
of the environment as perceived by the active agent (Gibson 1977). As discussed 
in (Keller et al 2010), authors in the area of HCI – for instance in (Norman 
1988/2013) – have misused this concept fairly regularly in the past, making it 
problematic. It is possible to sidestep these issues by proposing a more neutral 
terminology, relational properties, to denominate the design qualities that emerge 
from interaction (Keller et al. 2015b, 2015c). Behaviours change materials and 
materials change behaviours fostering processes of affordance formation. These 
processes impact the way the resources are employed to support creative 
activities, yielding dynamic relationships among resources and agents, or 
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relational properties (Keller et al. 2014, 2015a, 2015b). Three types of relational 
properties have been identified: material, social and formal. The first type arises 
in interactions with physical objects, while the second emerges from interactions 
among agents. Formal relational properties are instantiated through cognitive 
simulations, as well as through conceptual operations – involving offline 
cognitive resources (Wilson 2002). Furthermore, there is a decoupling of the 
formal types from agent-object and agent-agent synchronous interactions. 
Complementarily, musical creative activities are social. This means that the 
material resources are not limited by the experiential knowledge of a single 
creator – knowledge is accumulated and distributed among all the agents 
participating in the creative act – sometimes conforming a community of practice 
(Wenger 2010). The social aspects of creativity highlight the need to consider the 
distributed nature of the agents involved in the creative act. The romanticized 
depiction of the genius-composer working in his studio – isolated from the hustle 
of mundane distractions – is currently being challenged by ubiquitous musical 
practices (Keller et al. 2014). The situated methods that have emerged from 
ecologically grounded creative practices fit well within the context of 
community-oriented ubimus research (Lima et al. 2012; Pimenta et al. 2014). 
While the generation-evaluation model was developed keeping in mind a single 
participant, ecologically grounded practices have targeted the integration of the 
audience as an active shaper of the artistic experience (Basanta 2010; Burtner 
2011; Keller and Capasso 2006). The dismissal of the composer as an endless 
fountain of creative knowledge calls for a revised view on agency to account for 
the socially distributed factors involved in community-based creative 
phenomena. 
A notion that has emerged within the context of ecologically oriented 
music research - the behavioral ecology - has served to question the idea that artistic 
decision-making depends solely on the inspiration of an individual creator. 
Nance (2007, p. 20) suggests that “whereas the monitor-computer-composer 
interaction is generally an analysis / re-synthesis [activity] that occurs at a 
duration between seconds and maybe days, the written analysis-composition 
[cycle] is occurring over a period of weeks and maybe years. it could, in fact, 
continue far beyond the composer’s own research to be continued indefinitely.” 
This temporal level proposed by Nance – more properly defined as social 
interaction (Keller and Capasso 2006) – points to the need to consider the agents' 
behaviors as components of a larger system of relationships encompassing not 
only aesthetically oriented experiences but also everyday activities that impact 
creative actions. The dynamic depiction of relational properties proposed by 
Keller et al. (2015) together with the snapshot depiction of the structural 
resources laid out by Di Scipio (2014) back the concept of behavioral ecologies as 
units of study of ubiquitous musical phenomena. Behavioral ecologies both 
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require and produce human behaviors. When placed within the context of 
creative practice, behavioral ecologies may target the deployment of resources 
for creative action. Some ecologies exhibit creative behaviors as by-products of 
the interactions among agents and material resources. These by-products can 
become resources for future actions, they can be experienced as creative products 
or they can be discarded as creative waste (see section on In-group, Out-group 
model). Creative by-products can be employed to assess the sustainability of a 
creative ecology.  
It has been suggested that installation art is an ideal venue for the 
experimentation of social factors that underlie group behaviors (Emmerson 
2001). In this environment, visual, sonic, and tactile cues produced by the agents’ 
actions compose the ranges of interactions that impact the behavioral resources. 
An important class of material resources for creative musical activity is the 
available technological infrastructure, or the ecosystem of technological 
resources. This infrastructure both constrains and affords creative activity. 
Hence, behavioral ecologies for music making encompass tools, behaviors and 
resources that afford and constrain human creative actions.  
 
 
7 – The In-group, Out-group Model (MDF) 
 
The recent literature on creativity (Kozbelt et al. 2010) describes the result 
of the creative activity as a 'product'. We believe that when dealing with 
ubiquitous musical activities this differentiation is only possible a posteriori. 
Depending on how the materials are used, the labels resources or products may 
be applied. During the generation of creative products, renewable resources can 
be used repeatedly. For example, synthesis models that produce new sonic 
results for each iteration (see ecological models, Keller and Truax 1998) yield both 
relevant – in this case consistent with the sound class defined in the model – and 
original materials, i.e., the generated sounds are not literal repetitions of previous 
instances. Techniques based on repetitive recycling – such as looping – lose 
originality after the initial iteration. Therefore, they depend on the constant 
incorporation of new material resources (see Daisyphone, Bryan-Kinns 2004). The 
computational models of data generation (ecological modeling in the first case 
and looping in the second case) are part of the material resources used during the 
creative activity. The sounds generated through interactions with the 
computational system - exerted by the actions of the agents (composers or system 
users) – form part of the creative output. However, the material generated during 
the creative activity can only be characterized as a creative product if it is relevant 
to the stakeholders. In other words, for a material resource to become a creative 
product, the agent needs to characterize the resource as both relevant and 
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original. Otherwise, the product becomes part of what might be called creative 
garbage or waste. In short, ubiquitous musical systems can be described as systems 
of activities that utilize and generate material resources. Material factors are 
characterized by the stakeholders as either creative resources or products. If the 
outcome meets the criteria of originality and relevance it is considered a product, 
otherwise it is discarded, constituting creative waste. 
To identify factors related to the production of creative waste, Ferraz and 
Keller (2014) separate human factors and material factors. From an ecological 
perspective (Keller 2000; Keller and Capasso 2006), the material aspects are 
related to the interactions with objects, and the human aspects entail interactions 
with other agents. These two forms of interaction impact the set of forces that 
shape collective creation, pushing the musical systems to homogeneous states 
(when agglutination forces prevail) or to heterogeneous states (when the 
tendency to disaggregation is imposed). In relation to the production of creative 
garbage, the forces of agglutination (in-group) and disaggregation (out-group) 
can be exemplified by comparing a child with an experienced musician doing an 
improvisation. The child generates a lot of original material, but most of this 
material is irrelevant. The chances of a musician generating original material are 
low, but the material is usually relevant. The same concept can be applied to 
groups of participants in creative activities. A group of novices generates a lot of 
junk. Gradually, as the choices are honed, the quantity of irrelevant material is 
reduced. Eventually, after a long period of joint work, the group reaches a level 
of proficiency in which most of the material generated is relevant. At this point 
the agglutination (in-group) forces predominate, hence the creative products of 
the group have reduced levels of originality as compared to the previous states. 
Concomitantly, consensus among the participants is easily reached. To reach this 
type scenario, it should be emphasized that collective creative manifestations 
usually demand long learning periods.  
Continuing with the metaphor of the lay group and the professional 
group, experienced musicians have access to large amounts of material resources 
(greater knowledge) but their actions generate a lot of creative garbage due to 
their high selectivity (implying greater consensus and greater consistency). 
Contrastingly, lay participants produce large amounts of original material of 
little relevance due to their lack of experience with the material resources (less 
knowledge) or due to easily reached common sense (as opposed to well-informed 
consensus). Sticking to the notion that those who participate in the creative 
activity are the ones who choose the materials, novices have limited interaction 
with the resources hence the likelihood of achieving consistent results is fairly 
low. When consensus is reached, the relevance of the results is also low, 
increasing the odds of producing garbage. At the same time, the easily attained 
consensus (motivated by their low selectivity, related to the small amount of 
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interaction with the other members of the group) reduces the production of 
waste. Professional musicians are highly selective (due to their higher level of 
consensus, related to the longer periods of group interactions), therefore the 
output of waste is usually larger. Concomitantly, their knowledge of the material 
resources increases the likelihood of producing relevant and consistent results, 
thus reducing the potential amount of waste. 
In short, the production of creative waste can be linked to two variables: 
the extant knowledge of the material resources and the consensus among the 
stakeholders. In ubiquitous musical systems where in-group forces predominate, 
high knowledge levels tend to reduce the quantity of garbage, while high 
consensus levels have the opposite effect - they yield more garbage through the 
disposal of irrelevant material. In ubiquitous musical systems where out-group 
forces prevail, the participants´ lack knowledge of the material resources leads to 
increased garbage production. But at the same time the high tendency to reach a 
consensus - due to the group´s low selectivity, described as common sense - tends 
to reduce the garbage production. 
So far, we have discussed current music-theoretical models that target 
creative manifestations. These perspectives were placed within the context of 
state-of-the-art creativity theory. The impact of technology on creative practices 
has fostered a new avenue of research – ubiquitous music (Keller et al. 2014a). 
The ubimus perspective may provide viable strategies to deal with issues that fall 
outside the realm of previous music-theoretical approaches. One aspect 
highlighted by this discussion entails the assessment of the models’ predictive 
power involving deployments and observations of key creative factors. Another 
issue that has emerged through the theoretical analysis of the creativity models 
is whether these proposals can handle diverse music making practices. A 
particularly tricky methodological problem is how to deal with creative 
manifestations that are not restricted to instrumentally oriented forms of sonic 
organization and that do not abide by the rules of professional musicianship. The 
second part of the paper will highlight the methodological aspects of the ubimus 
perspective. We will focus on a small set of highly contrasting cases to give a 





8 – Ubiquitous music: methodological contributions 
 
Ubiquitous music, as a construct defined from the ground up by a 
community of practitioners (Keller and Lazzarini 2017), proposes to study 
complex systems of human agents, material resources, their affordances with 
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regards to musical activities supported by a variety of tools (Keller et al. 2014a). 
As a human-centric area, ubimus stresses the importance of considering the 
factors involved in hominid evolution, observing the current perspectives of 
evolution theory that have significant implications in creative practice. Two 
approaches in this area are worthy of mention: the social brain hypothesis 
(Dunbar and Schultz 2007) and the niche construction theory (Odling-Smee et al. 
2003). The importance of social interaction mechanisms for survival is shown by 
the first of these two perspectives, as, for instance, prediction of intention is put 
forward as a key component leading to the development of higher cognitive 
ability. Somewhat complementary, the second approach explores the local 
impact on the environment, with the emergence of ecological niches, and its 
shaping of an increasingly refined cognition mechanism arisen as a response to 
uncertain conditions.  
Material resources, as elements within the ubimus sphere, form a 
significant aspect of creative projects and serve to constrain the behaviors of 
agents, while generating or organising other material resources. Creative 
heuristics, based on sonic behavior in given settings (Keller 1999; Keller 2000) are 
put forward by ecological modelling processes in sound synthesis (Keller and 
Truax 1998; Keller and Berger 2001), instrumental composition (Burtner 2005; 
Nance 2007), interaction design (Keller et al. 2002; Keller et al. 2010), and 
environmental data extraction and sonification for artistic purposes (Gomes et al. 
2014; Opie and Brown 2006). These approaches make use of local resources as an 
open means of sonic organization. It is possible to observe in them the emergent 
qualities of behavioral patterns across modalities. These can at times explore 
contradictions and paradoxes through the expansion of the sonic properties of 
real-world events. Such systems that make use of environmental features can be 
characterized as multimodal ecologies in ubimus. 
The creative tools (technological or otherwise) studied in ubimus can be 
seen as forming a class of ecosystems, the ubimus ecosystems. This proposal 
stresses the central role of creativity as a central target for tooling support. 
Research in HCI-related aspects of creativity has been pioneered by Edmonds 
and Fischer. Information Technology Creative Practices have recently added 
weight to this perspective, indicating that the development of creativity support 
tools can provide a renewed focus in HCI research  (Mitchell et al. 2003; 
Shneiderman 2007). Ubimus ecosystems function as technological hubs that 
support the integration of audio and interaction tools. These ecosystems can be 
reconfigured according to the needs of the users through rapid prototyping 
techniques. This avenue of research emphasizes the interrelated character of 
ubiquitous musical interactions featuring support both for audio processing and 
for rapid user interface prototyping. For instance, Lazzarini et al. (2014a) report 
the development PNaCl Csound. The PNaCl Csound environment can be used 
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to develop of a variety of ubimus applications on standard internet browsers. It 
is based on an open-source, domain-specific language featuring a wide-ranging 
variety of unit generators (over 1,500 Csound opcodes). Thus, while it supports 
the prototyping of reasonably complex audio processing applications, it can also 
benefit from a large library of code from the various pre-existing catalogs of 
Csound algorithms. The Csound PNaCl environment features a relatively low-
latency performance and incorporates thirty years of Csound know-how, 
fostering the development of ubiquitous music ecosystems based on standard 
web browser technology. On the down side, application support is not universal, 
as it is the case in all browser-based software development systems. Furthermore, 
the current pace of renovation and the variety of browser technology place a high 
demand on maintenance. New features are quickly incorporated and some 
functionalities become obsolete. 
An approach that places tools as central concepts of a research programme 
might not be entirely successful in some cases. The usage of isolated tools might 
depend on the existence of well-defined problems, in situations where the target 
of the procedure is defined before the start of the activity (Fantauzzacoffin and 
Rogers 2013), thus the tool choice and design may not help to define the epistemic 
target. In most artistic endeavors, however, there is a mixture of both undefined 
and clearly defined problems, which may also put into question established 
worldviews (Donald 2006). Artistic work is therefore within the realm of self-
reflective activities (Hamman 2002; Donald 2006), where the objectives are 
established during the act rather than a priori. This situation demands a more fluid 
strategy than that provided by a teleological approach that favors the early 
definition of a target. 
A key challenge in ubimus research is the provision of intuitive tools for 
diverse creative tasks. Ubimus systems should ideally support the users’ creative 
potential by fostering easy access to material and social resources. Depending on 
the approach, the development of certain technologies may have the unwanted 
side-effect of restricting the support to a small user base. This is often the case in 
the area of new music instruments. For example, while the provision of custom-
made, special purpose hardware interfaces, as proposed by the tangible user 
interface design approaches (Fitzmaurice et al. 1995; Ishii et al. 2001) can fulfil the 
requirements of transparency and naturalness reducing the cognitive load of 
complex tasks, they do not guarantee a wide-ranging adoption by a large cohort 
of users (often due to financial, as well as distribution and maintenance 
constraints). Ubimus attempts to solve this issue by focusing on repurposing, 
which entails the use of existing, everyday technology, for creative ends: personal 
mobile devices (Flores et al. 2010, Lazzarini et al. 2012), web technologies 
(Lazzarini et al. 2015b), and  DIY hardware (Lazzarini et al 2015c). While these 
approaches have proved successful, ubimus still faces challenges regarding the 
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sustainability of its technological infrastructure. Therefore, ubimus concepts are 
validated through the development and deployment of specific technologies but 
can also handle changes in the underlying platforms and toolsets. The next 
section features four examples of the fluid relationships between conceptual 
approaches and actual deployments nourished by ubimus methodolog ies. 
Through rapid prototyping and lightweight knowledge-sharing methods, 
ubimus research strives to meet the creative needs of a wide variety of 




9 – The Internet of Musical Things: a new ubimus frontier  
 
The emergence of a new connectedness via small networked computing 
devices, known as the Internet of Things (IoT) (Huang and Li 2010; Ulckerman et 
al 2011) has opened up a new frontier for ubimus research. The term was coined 
by Kevin Ashton (van Kranenburg and Bassi 2012) to describe the integration of 
a multitude of devices where the effective separation between computer and 
peripheral is erased. The prediction is that the number of connected components 
will far outnumber the current size of the internet. Devices and computation will 
be integrated into a world where there is a seamless transition between a virtual 
and a real environment (Uckelmann et al. 2011). While much of the research in 
IoT seems to be directed to its business potential, the particular definition of IoT 
as an interface between the material everyday world and a constructed, abstract, 
but at the same time real and connected, computing universe has a significant 
potential for ubimus interventions. 
The development of the Maker Movement (Dougherty 2012) and the do-
it-yourself (DIY) mode of operation have provided the means for the 
development of a whole new ubimus ecosystem alongside the more established 
off-the-shelf hardware-based manifestations. While these have provided the 
main vehicle for ubimus activity (Flores et al. 2010; McGlynn et al. 2012; van 
Troyer 2014) with a considerable amount of repurposing, we now have to ponder 
how custom DIY hardware might impact research in this area.  Seizing upon 
these opportunities, we can see the development of an Internet of Musical Things 
(IoMusT)2, built primarily on customized devices with full network integration. 
This opens up some new possibilities based on affordability, connectivity, remote 
                                                 
2  Current efforts in ubimus research point to an emerging field that brings together the Internet 
of Things infrastructure with the methods and concepts laid out in ubimus. There is no 
established label yet. IoMT, IoMUT (Turchet et al. 2017), IoMuT and IoMusT are possible 
signatures and keywords.  
                               
                             MUSICA THEORICA  
                             Revista da Associação Brasileira de Teoria e  Análise  Musical 
                             Journal of the Brazilian Society for Music Theory and Analysis 
                             @ TeMA 2017 - ISSN 2525-5541 
22 
KELLER, Damián; LAZZARINI, Victor. 2017. Theoretical Approaches to Musical Creativity: The Ubimus 
Perspective . MUSICA THEORICA. Salvador: TeMA, 201701, p. 1-53. 
control, data gathering capabilities (sensing), and interaction with people and 
objects over potentially large geographical areas. 
Such a massive and heterogeneous platform poses new opportunities as 
well as new challenges. The question of energy usage and conservation is one 
that will demand some attention as pointed out by (van Kranenburg and Bassi 
2012), in addition to the increase of material waste. A solution could involve zero-
entropy, self-sufficient, devices as design targets. Further ethical issues would 
also be of relevance such as privacy and use of data (which are also encountered 
in other ubimus environments). Engagement with these issues is by no means an 
established practice in systems design (Spielkermann 2011), but it should be a 
sine-qua-non consideration for ubimus and IoMusT. 
An early example of the ubimus possibilities of IoMusT was demonstrated 
by the Memory Tree project (Ribeiro Netto et al. 2015). Its implementation was 
based on equipping a tree at a university campus with the capabilities of holding 
sonic and musical memories that would allow users to interact both locally and 
remotely via the internet.  This involved the design of purpose-specific DIY 
hardware, alongside a significant amount of repurposing. It employed a widely 
used mobile-phone messaging application and caught a ride on the ubiquitous 
internet infrastructure. The fundamental shift here is that the installation 
explodes the boundaries of the real/material world and its virtual counterpart, 
seamlessly providing interactions that allow both local and remote participation. 
Such interventions are on the cusp of something that may enable a qualitative 




PART 3:  
 
10 – Case studies in ubimus 
 
The next sections tackle the application of the ubimus approach to the 
study of four contrasting creative musical situations. The first case encompasses 
a set of experiments targeting casual participants doing creative activities in 
domestic, transitional and outdoor settings. The second case involves both 
musicians and by-passers (with no musical training) in improvisatory sessions. 
A special feature of this study is the location chosen: an audio and musical 
equipment store. The third case is a longitudinal study of the design process of a 
multimodal installation. This is among the first projects to focus on the 
procedural aspects of creative decision-making in music. 
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Table 4: Profile of the case studies 
 
 
Case 1: Supporting little-c musical creativity through time tagging 
 
Keller and collaborators (2010) proposed time tagging as a strategy to avoid 
the computational burden of the visually oriented approaches to audio mixing. 
This creativity support metaphor provided a fertile ground for musical 
experiences in everyday environments engaging both musicians and non-
musicians (Farias et al. 2014; Pinheiro da Silva et al. 2013). Experiments with 
naive users doing simple mixing activities on portable devices indicated that the 
time tagging metaphor ensued more effective support than the traditional tape-
editing metaphor featured in most desktop audio editing software (Farias et al. 
2014; Radanovitsck et al. 2011). 
Two generations of prototypes were designed and deployed. After 
completing an initial validation phase involving expert usage (see Green Canopy 
On The Road3 - Keller et al. 2009), two experimental studies focused on the 
demands of naive participants in everyday settings. An initial study (Pinheiro da 
Silva et al. 2013) comprised creative activities in public settings – at a shopping 
mall, at a busy street and in a quiet area featuring biophonic4 sounds – and in 
private settings – at the home of each participant and at a studio facility. Six 
subjects participated in 47 mixing sessions using samples collected at two 
outdoors sites comprising urban sounds and biophonic sources. Creativity 
                                                 
3  This is the first documented ubimus artwork. It was premiered at the Brazilian Symposium on 
Computer Music, held in Recife, PE, in 2009. 
4  Sounds produced by non-human animals. 
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support was evaluated by means of a creative-experience protocol encompassing 
six factors: productivity, expressiveness, explorability, enjoyment, concentration, 
and collaboration (CSI-NAP v. 0.3 – Keller et al. 2011c). Outdoor sessions yielded 
higher scores in productivity, explorability, concentration and collaboration 
when compared to studio sessions. Compound effects of sound sample type and 
activity location were observed in the explorability factor when biophonic sound 
samples were used. Similar effects were detected on explorability, productivity 
and concentration in the conditions employing urban sounds. 
A second study made use of recorded vocal samples created by the 
participants (Keller et al. 2013). To untangle the effects of place and activity type, 
three conditions were studied: place, including domestic and commercial settings; 
activity type, i.e. imitative mixes and original creations; and body posture, realizing 
the mix while standing or sitting. Ten subjects took part in an experiment 
encompassing 40 interaction sessions using mixDroid. Subjects created mixes 
and assessed their experiences through a modified version of the protocol 
applied in previous studies (Keller et al. 2011c). Explorability and collaboration 
factors yielded superior scores when the activities were carried out in domestic 
settings. 
These results highlight the impact of the venue on the assessment of 
everyday creative experiences. The outdoor spaces were preferred by the 
participants of the first study. Domestic settings got slightly higher ratings in the 
second study. The profile of the subjects impacted the results of the second study 
but this trend was not confirmed by the first study's results.  
Implications of Case 1: Since Richards and coauthors´ (1988) pioneering study, 
everyday creativity has been researched by psychologists, designers and 
technologists. Despite these efforts, everyday musical activities (sonic 
manifestations of small creativity) have only recently been approached as a valid 
research topic. There are two perspectives that have targeted non-professional 
music making: ethnomusicology (Quiñones et al. 2013) and ubiquitous music 
(Keller et al. 2014a). Ubimus research is particularly relevant for everyday 
musical activities that demand the use of technology. Furthermore, given that 
almost all aspects of twenty-first century musical practice involve information 
technology - from concept-sharing and production to documentation and data 
collection - it can be argued that ubimus research will eventually become relevant 
to most manifestations of musical creativity. 
 
 
Case 2: Mixed creativity magnitudes in everyday settings 
 
The second generation of mixDroid prototypes incorporated a new 
interaction mechanism: the stripe (Figure 2). The stripe acts as a functional unit 
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that features both interaction and audio manipulation. It isolates the functionality 
previously linked to the audio channel in analog systems, supporting 
synchronous interaction with a large number of elements to overcome the screen-
size limitations of small devices. Stripes enable mixing using both hands. The 
amount of active stripes depends on the device's computing power and on the 
participant's cognitive abilities. Thus, similarly to previous time-tagging 
implementations (see Case 1), devices with low computational resources can be 




Figure 2: The stripe metaphor. By rolling the stripes up or down, multiple audio 
samples can be accessed on small portable devices 
 
The second generation of mixDroid prototypes uses the stripe as an entry 
point to the sound data. Each stripe displays basic information on the sound 
sample being handled, including the file name, the total running time, the current 
time and the execution state (Farias et al. 2014; see Figure 2). Each sound file 
linked to a stripe is processed independently.  
This study addresses the impact of the stripes creativity support metaphor 
in musical activities involving both musicians and novices. The Provocative 
Synthesis II study is based on the premise of action and reaction: a mixDroid 
player and musicians performing on traditional instruments alternate as 
instigators and respondents. This improvisational proposal features audio 
sequences triggered in mixDroid 2G by casual users. 
Settings and equipment: The study was carried out at an audio and musical 
equipment store located in downtown Rio Branco, AC, Brazil. All the equipment 
was set on table at a visible location within the store. The hardware included a 
portable computer, a six-channel JamHub mixer, and stereo good-quality 
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headphones for each of the participants. The prototype mixDroid 2G was used 
on an Iconia One Acer tablet, running the Android 4.1 operating system. The 
JamHub system (White 2010) features independent returns through headphones 
for each user. The output from the mixer was routed to the computer and sound 
levels were monitored by the researcher (Figure 3). The musicians played electric 
guitar and electric bass. They stood facing each other, making it possible to 
communicate through gestures. 
Subjects profile: Twelve subjects participated in the sessions, including 6 
musicians and 6 laypeople. Their average age was 28.5 years with a standard 
deviation of 6.76 years. Three of the six self-reported musicians had no formal 




Figure 3: Subjects participating in Provocative Synthesis II at an audio and music 
equipment store. 
 
Procedures: Eleven improvisational sessions were done by an average of 4 
participants per session. The lay participants chose to sit on the benches while 
the musicians preferred to play standing. Each activity lasted approximately two 
minutes. Musicians were free to improvise within the bounds of a rhythmic 
reference laid out on a soundtrack. Throughout the sessions, the mixDroid player 
initiated the sonic exchanges. The sound products were recorded as 
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uncompressed stereo PCM files and the final editing was done using a 
commercial DAW. 
Data collection procedures: Data was collected through printed forms that were 
filled by all the participants immediately after each session. As in previous 
creativity assessment experiments (Farias et al. 2015; Lima et al. 2012; Pinheiro 
da Silva et al. 2013), we employed the CSI-NAP, an adapted version of the 
Creativity Support Index proposed by Carroll et al. (2009). Two factors assess the 
creative product (relevance and originality). The other four factors target the 
experience involving the settings, the tools and the participants’ experience 
(easiness of use – the inverse of cognitive effort (Kahneman 1973; Sweller 1988); 
focus on activity; fun or enjoyment during the activity; productivity – whether 
the activity and the result were considered productive; and collaboration – 
involving the support for social interaction among the participants). The 5-point 
Likert scale adopted varies from ‘I strongly disagree’ (-2) to ‘I strongly agree’ (+2). 
Zero stands for no preference or no answer. 
Results: The overall results indicate a positive assessment of the experience 
(Figure 5). Strikingly, both musicians and non-musicians gave the highest rating 
to collaboration support (2.00 ± 0.00). Enjoyment was also highly rated with little 
variation among sessions (1.91 ± 0.30). Easiness of use got high ratings by all 
subjects except one (1.73 ± 0.90). The other two descriptors of the experience got 
positive ratings but higher standard deviations: focus (1.64 ± 0.50) and 
productivity (1.55 ± 0.69). Finally, the musical product was described as being 
creative, but this result was not uniform across subjects: relevance (1.55 ± 0.52) 
and originality (1,64 ± 0.50). 
 
Figure 4: Results of the Provocative Synthesis II experiment for 11 iterations by  
4 subjects per session. Data collected through the CSI-NAP 
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In contrast with previous experiments in everyday musical creativity 
(Keller et al. 2013, 2015; Keller and Lima 2016; Pinheiro da Silva et al. 2013), 
Provocative Synthesis II involved interactions among professional musicians and 
laypeople. Previous experiments focusing on creative activities outside of 
musical venues reported difficulties in drafting participants for the tasks. This 
was not the case in this experiment. During the activities, Ferreira et al. (2015) 
observed that a majority of store visitors were curious and interested in 
participating in the experience. While novices are generally reluctant to get 
involved in musical activities with non-musicians, the possibility of participating 
in a music making activity with experienced musicians may have sparked their 
interest. 
Implications of case 2: Despite the promising avenue opened by these initial 
results, several difficulties still need to be addressed. Given the amount of 
equipment involved, technical preparations become tricky. The multi-user mixer 
is an effective bridge to integrate instrumental sources with ubiquitous music 
tools, such as mixDroid. But the dependence on wires and plugs compromises 
the portability of the system. A combination of wireless connectivity and 
software-based multi-user mixing might help to increase the mobility of the setup 
(see section on IoMusT). 
An important flag raised by this experiment is the potential exploration of 
an inclusive form of social engagement involving both proficient partners and 
casual participants in ubiquitous musical activities. The high ratings given to the 
collaboration factor indicate that both musicians and untrained subjects felt they 
were contributing effectively to the musical result. Neither the characteristics of 
the settings nor the creative products conform to the expected patterns of a 
professional musical experience. Hence, these results cannot be classified as a 
professional-creativity musical outcome (cf. Keller et al. 2014a for a theoretical 
discussion of this issue). Furthermore, the high level of collaboration reported 
here was not observed in other everyday creative activities (Keller et al. 2013; 
Keller and Lima 2016; Pinheiro da Silva et al. 2013). The results may be 
interpreted as an indication that the musical experiences at the fringe of 
professional and everyday creativity open opportunities for effective 




Case 3: Behavioral ecologies in multimodal design 
 
Keller et al. (2014) report results of a ten-month design study targeting the 
observation of creative artistic practice by a video-artist, a sculptor and a 
composer. The study yielded the multimedia installation Palafito/Palafita/Home-
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on-stilts 1.0, featuring 19:30 minutes of sonic material and video footage, and 
three 5x8x3-meter raw-wood sculptures. Data on the procedural dimensions of 
the asynchronous, ubiquitous group activities carried out by the three subjects 
through light-weight, off-the-shelf infrastructure was extracted from a virtual 
forum and a file repository. 
According to Keller et al. (2015), creative exchanges encompass four types 
of activity: dialogic, reflective, epistemic and enactive5 activities. Dialogic activities 
involve conceptual exchanges among agents within the context of creative 
endeavors. They include three types of verbal exchanges: (1) proposals – 
exchanges that point to new processes or products within the epistemic space; (2) 
rejections – exchanges that exclude proposals from the epistemic space; (3) 
commitments – exchanges that introduce proposals within the epistemic space. 
Reflective activities encompass the production of concepts without triggering 
material exchanges. This category separates conceptual exchanges from the 
actions that target exchanges of material resources among the stakeholders. 
Periods of dialogic activity that do not involve exchanges of resources are thus 
labeled as reflective activities. Epistemic activity features the exchange of textual, 
visual and sonic materials targeting the increase of knowledge of the epistemic 
space rather than the direct production of creative objects. These actions serve to 
materialize the concepts employed throughout the creative process, involving 
both creative surrogates and materials. Keller et al. (2015) define creative 
surrogates (or c-surrogates) as conceptual externalizations by means of 
information technology objects. C-surrogates and materials differ in their 
function. Materials are intended to be part of the creative product. C-surrogates 
are just scaffolds used to ground the creative process. C-surrogates may be 
pictures, sounds, text descriptions or software that depict procedural 
relationships among materials or processes. Their purpose is to serve as proxies 
for the exchange of information during collective decision making. 
Subjects: The participants were two females – a video-artist and a sculptor – and 
a male composer. The three subjects were experts in their respective fields, only 
the composer had formal training in music. 
Settings and materials: The audiovisual source materials were obtained in an 
ecocompositional journey that encompassed several locations within the 
Ecuadorean and Peruvian Amazon tropical forest (Keller 2004). The raw 
materials served as anchors (Keller et al. 2010) for the elaboration of the 
sculptural, visual, and sonic elements utilized in the piece. The experience of the 
                                                 
5 Another term used to describe activities that yield creative products is "executive". Executive 
may be more appropriate when the creative activity involves strategies that rely on abstract or 
symbolic manipulations. 
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journey provided the social grounding for the conceptual relationships later 
developed in the sounds, the visuals and the text. By adopting the artists' usual 
working settings, the introduction of disruptive environmental factors was 
avoided. Technological support was incorporated through cycles of demand-
trial-assessment. Priority was given to repurposing of existing resources as 
opposed to development from scratch (Flores et al. 2014). 
Procedures: Throughout a ten-month period, the three subjects' creative activities 
were monitored using two tools: a virtual forum and a file-exchange repository. 
The virtual platforms used were Evernote and Google Groups for argumentation 
and Dropbox for epistemic and enactive activities. Creative exchanges 
encompassed three types of activity: argumentation (a form of dialogic activity 
involving verbal exchanges) and epistemic and enactive activities. 
Argumentation was done mostly through asynchronous dialogs (only two 
encounters were carried through video-conference). Epistemic activity 
encompassed the exchange of textual, visual and sonic materials. This form of 
dialog was complementary to the process of argumentation and served to 
materialize the concepts being considered. Enactive activity involved the 
exchange of material that was intended to be part of the work. Therefore, only 
the materials that were approved through an argumentation cycle of proposals 
and commitments and that were labeled as acceptable creative products by at 
least one of the artists were considered to be the outcomes of enactive activity. 
For the purpose of analysis three types of resource transfers were considered: (1) 
proposals – concepts and materials that were not previously explicitly stated 
within the domain of the creative work; (2) commitments – explicit approval of 
proposals ensuing incorporation of new procedures or products; (3) rejections – 
explicit exclusion of proposals from the creative epistemic space. 
Creative activity results: The data analyzed in this section comes from two 
sources: (1) a virtual forum where the three artists exchanged ideas while 
developing the work (these exchanges took the form of text messages and 
pictures); (2) a file-exchange repository which served to gather audiovisual 
materials, creative support surrogates (temporal maps and low-resolution video 
footage), creative products and technical information consisting of plans, 
pictures of designs and equipment specifications. 
The data extracted from the virtual forum included: a time stamp, the 
name of the contributor, and the content of the message. The data retrieved from 
the file repository encompassed: a time stamp, the name of the contributor, the 
name of the resource, the type of resource (either material, c-surrogate or 
product) and the operation applied (upload, download, move or rename). Data 
was formatted as tabulated text files and irrelevant entries were removed. The 
following selection criteria were applied to filter the data: (1) only proposals, 
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commitments and rejections were included in the argumentation database; (2) 
only uploads of materials, surrogates or products were added to the activity 
database. Adopting the definitions provided in the previous section, the data 
analysis provides the overall profile of the activities realized during the creative 
process. The reflective activities took place during the first 190 days; these 
activities focused on the exchange of concepts but had no material counterparts. 
Epistemic activities involved trading creative surrogates and materials. These 
activities lasted 99 days. The remaining 15 days were dedicated to enactive 
activities featuring the elaboration and sharing of creative products. 
Dialogic activity: Argumentation was done mostly through asynchronous 
dialogs (only two encounters were carried through video-conference). Three 
types of exchanges were considered: (1) proposals – concepts and materials that 
were not previously explicitly stated within the domain of the creative work; (2) 
commitments – explicit approval of proposals ensuing incorporation of new 
procedures or products; (3) rejections – explicit exclusion of proposals from the 
creative epistemic space. Dialogic exchanges that took place between 23 January 
and 31 October 2012. Most dialogic exchanges were proposals, followed by 
commitments and rejections. The dialogic activity profile of each subject provides 
information on the level of engagement in the argumentation process. Subject 2's 
commitments were slightly more than subject 1's (50% vs. 38%). Subject 1's 
percentage of rejections was slightly larger (56% vs. 44%). The sharpest difference 
corresponded to the percentage of proposals: subject 2's share almost doubled 
subject 1's share (32% vs. 61%). Three types of exchanges were considered: 
rejections, commitments and proposals. Although there is a tendency to alternate 
between categories – one or two proposals followed by one or two commitments 
or by one rejection – this trend only lasts until October 4 (when enactive activity 
starts). At that point, a new pattern is set: subject 1 almost exclusively exchanges 
proposals and subject 2 alternates between commitments and rejections. 
Epistemic and enactive activity: During the design of Palafito 1.0, Calc/Open 
Office spreadsheets were repurposed to be used as proxies for audiovisual 
media, configuring the c-surrogates. Within Palafito 1.0's design cycle, epistemic 
exchanges lasted a period of 99 days while enactive activities were limited to 15 
days. Interactions occurred as exchange cycles of c-surrogates, materials or 
products, each cycle lasting from 1 to 6 days. 
A summary of the number of exchanges during epistemic and enactive 
activities shows that less than half of the enactive activities involved exchange of 
materials. Most actions were either exchanges of c-surrogates or exchanges of 
creative products. Product sharing was balanced, but most of the c-surrogate 
proposals were initiated by subject 2 (87%). A complementary analysis 
comparing each artist's exchange profile shows sharp individual differences. 
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While subjects 1's contributions were mostly products (67%), subject 2's sharing 
featured 51% of c-surrogates. For subject 2, products (28%) were less prominent 
than c-surrogates. The only similarity among the two subjects' performances was 
the little importance given to materials (13% for subject 1 and 21% for subject 2). 
C-surrogates accounted for 20% of subject 1's contributions. 
Implications of case 3: The analysis of the creative exchange indicated cycles of 
activity alternating between reflection, exploratory action and product-oriented 
action. The participants were engaged in reflective activities 63% of the time, 
epistemic activities spanned 33% of the study and product-oriented activities 
accounted for only 4% of the creative design cycle. Dialogic activities did not 
follow a regular pattern, but a relationship between enactive and dialogic 
activities was observed.  The sharp differences in duration between reflective, 
epistemic and enactive activities observed in this study provide support for the 
proposal that off-line cognitive resources may play an important role in shaping 
creative action. These results may be applied as guidelines for design. According 
to Wakkary and Maestri (2008), design for reflection should emphasize situated 
participation, non-rational design strategies, in situ design and a reorientation in 
focus from tasks to experience. 
The temporal patterns observed in epistemic and enactive activities 
support the notion that potentials and resources interact defining the yield of 
creative processes and products. Both subjects' epistemic and enactive activities 
can be characterized by cycles lasting from 1 to 6 days. Dialogic activities did not 
follow the same pattern. Therefore, this study indicates that the mechanisms that 
drive epistemic and enactive activities are not necessarily applicable to social 
interactions in creative contexts. Another observation drawn from the temporal 
data of the three types of activity is a monotonic decrease from reflective to 
epistemic activity durations and from epistemic to enactive activity durations. 
 
 
11 – General discussion of the case studies 
 
We have laid out and discussed three applications of ubimus research, 
targeting a diverse set of methodological and conceptual issues. The first study 
handled the implications of music making in everyday contexts by casual 
participants. Results indicate that the time tagging creativity support metaphor 
furnishes an effective strategy for sound mixing in everyday settings. The second 
study involved the participation of musicians and novices in improvisatory 
sessions. The musical activities took place at a commercial venue, an audio and 
musical equipment store. Despite the high-level of engagement of the untrained 
participants, we identified several methodological shortcomings. The complexity 
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of the setup – involving several pieces of equipment – reduces the portability of 
the system and demands a long period of preparation. Furthermore, the use of a 
recorded rhythmic soundtrack has a negative impact on the range of possible 
musical outcomes. The third study targeted the longitudinal analysis of 
collaborative activities by three artists, during the elaboration of a multimodal 
installation. The temporal patterns observed in epistemic and enactive activities 
support the notion that potentials and resources interact defining the yield of 
creative processes and products. Both subjects' epistemic and enactive activities 
can be characterized by cycles lasting from 1 to 6 days. Dialogic activities do not 
follow the same pattern. Therefore, this study indicates that the mechanisms that 
drive epistemic and enactive activities are not necessarily applicable to social 
interactions in creative contexts. Another observation drawn from the temporal 
data of the three activity types is a monotonic decrease of the durations from long 
periods of reflective activity to shorter periods of epistemic activity and to even 
shorter enactive activity durations. 
Limitations: Ubimus experiments can be criticized from three angles. The first 
criticism entails the number of subjects involved in the activities. Studies have 
ranged from one to 67 subjects. Longitudinal studies in musical creativity usually 
demand detailed observations of multiple activities in various contexts. The 
profile of the participants is an important factor. Thus, unless the studies include 
subjects from diverse cultural backgrounds and with varied educational and 
musical experiences, the conclusions have to be limited to the profile of the target 
population. Given this constraint, it makes sense to carry out multiple small-
sized studies (subject-wise). As long as the methods are kept consistent, general 
conclusions can be drawn through meta-analyses of the various small-scale 
studies. 
The second criticism targets the data-gathering process. Although this is a 
valid concern, it needs to be placed within the context of the current efforts to 
increase the ecological validity of the experimental designs. Human-computer 
interaction literature has adopted a loose interpretation of the term “in the wild.” 
For instance, experimental designs with full access to network resources, wireless 
support and unconstrained use of electrical power have been described as 
experiments in the wild. Some ubimus studies have relied on permanent access 
to the world wide web (Miletto et al. 2011; van Troyer 2014) while others have 
employed local networks (Brown et al. 2014). But experiments incorporating 
portable devices have bypassed the need of permanent network access or 
wireless support (Keller et al. 2010; Pinheiro da Silva et al 2013; Radanovitsck et 
al. 2011). These initiatives have dealt with a variety of settings, including 
transitional spaces with no electricity – such as parks and streets. The lack of 
electrical power did not impact the experiments negatively because the activities 
usually lasted less than an hour. But it is not unreasonable to expect that future 
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longitudinal ubimus studies will have to deal with harsh conditions such as those 
found in the Amazonian jungle (Keller 2004) or in the North African desert 
(Burtner 2011). Hence, the data gathering techniques have to take into account  
multiple potential limitations - such as lack of electricity, intermittent network 
access or limited storage space. When targeting harsh conditions, special 
arrangements have to be made to ensure periodic access to ample storage space 
and to electrical power. Permanent network or wireless services cannot be taken 
for granted. Given these caveats, low-tech and highly reliable data-gathering 
methods – such as printed forms – sometimes may prove to be more effective 
than techniques that employ internet access or power-hungry devices. 
The third methodological conundrum involves the choice of qualitative or 
quantitative techniques. Several pioneering ubimus experiments – carried out 
between 2007 and 2014 – have adopted a hybrid approach. Quantitative data was 
gathered. But given the lack of well-trodden methods, some studies have 
explored diverse settings and resources to identify possible drawbacks or new 
targets for research. This practice paid off. Several proposals featured in the 
Workshops on Ubiquitous Music have triggered new avenues of enquiry. 
Regarding the implementation of tools, the Mobile Csound Platform was 
featured in the 2012 UbiMus (Lazzarini et al. 2012). It has been adopted in 
multiple studies (Farias et al. 2014; Ferreira et al. 2015). Conceptual approaches – 
such as the patterns for musical interaction – were also proposed and discussed 
in the ubimus workshops (Flores et al. 2010; Flores et al. 2012). They have been 
applied as strategies for classification of mobile tools for music making (Young 
2012). Innovative artistic paradigms – for instance, ecologically grounded 
creative practices – were also proposed as a focus for ubimus research during the 
ubimus workshops (Keller 2014). They have been taken up by practitioners 
outside of the ubimus community (Aliel and Fornari 2013; Connors 2015). 
Eventually, exploratory methods are superseded by targeted and quantifiable 
data collection protocols. Recent proposals indicate two trends. On one hand, 
refined tools for data gathering seem to be necessary to foster health and human 
development applications of ubimus (Timoney et al. 2015). It is possible that 
physiological sensors will serve as effective complements to on-site observations 
and subject-based questionnaires. On the other hand, longitudinal studies might 
demand long-term data gathering procedures to elucidate the mechanics of 
artistic decision making (Keller et al. 2014). Aesthetic heuristics has emerged as 
an area of research within ubimus studies (Keller et al. 2015). This line of enquiry 
targets two aspects of the creative process. One aspect is related to the personal 
resources involved in creative decision making; hence it deals with time-based 
interactions among material and cognitive resources. The other aspect entails the 
study of social and situated creative actions, involving shared resources and 
observing how the stakeholders´ actions impact decision making processes and 
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how the settings constrain and foster opportunities for creative outcomes. Given 
the multiplicity of factors, it stands to reason that a combination of strategies may 
be necessary - including subjective assessments, data-gathering throughout the 
activities and third-party assessments of the creative products. 
 
 
12 – The wider scene: Implications for creativity-centered music 
theories 
 
Restating the question formulated in the introduction, do the proposed 
musical creativity models consider creative factors beyond the domain-specific 
aspects? The three proposals included in this paper - the perception-analy sis-
synthesis model, the In-group, Out-group model and the ecologically grounded 
approach (Ferraz and Keller 2014; Keller 2012; Keller and Lazzarini 2017; Keller 
et al. 2014; Mannis 2014) - provide partial answers to this issue. All of them tackle 
musical creativity as a construct that does not rely exclusively on domain-specific 
factors. This is refreshing when compared to current musical interaction 
approaches that adopt acoustic-instrumental characteristics as validation criteria 
(Tanaka 2009; Wessel and Wright 2002). In contrast with the acoustic-
instrumental paradigm, the proposed concepts do not depend on simplified 
representations of musical materials. Therefore, they are applicable to 
instrumental practices, to concert-oriented electroacoustic formats and to other 
forms of music making - encompassing performance art, multimedia 
installations and the emergent use of everyday technological devices. The 
creative magnitudes of the three studies address everyday creativity (case 1), 
professional creativity (case 3) and a mix of pro-c and little-c (case 2). Case 1 
features a creativity support strategy - time tagging - applicable to various 
stakeholders´ profiles, as demonstrated by its usage in pro-c activities (Keller et 
al. 2009) and in little-c activities (Pinheiro da Silva et al. 2013). Despite the 
application of a support method - the creative surrogates - within a professional 
context, case 3 deals with knowledge transfer among non-musicians and 
musicians. Therefore, we can conclude that this support strategy does not 
demand domain-specific knowledge. The only activity requiring musical 
knowledge was the instrumental improvisation featured in case 2. This situation 
was particularly problematic. On one hand, the instructions for musicians had to 
be sufficiently specific so that the performers would have enough information to 
establish a common ground for decision making. The preparation for the activity 
included verbal hints on the type of pitch material. A rhythmic reference was laid 
out on a percussion-based soundtrack. This strategy may work well for one 
session, but it is hardly applicable as a solution for knowledge sharing among 
musicians and novices. Hence, a pressing problem unveiled in this experiment is 
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how to promote support strategies that target the needs of both musically 
untrained and trained stakeholders. 
What variables can be observed through the deployment of musical 
creativity models? The proposals discussed in this paper employ observables to 
gauge the predictive power of the underlying creativity mechanisms. Mannis 
(2014) puts forth mimesis as a key strategy for creative music making. This 
concept can be easily tested in experimental studies involving musicians or 
laypeople. The support strategy targeted by the studies discussed in case 1 - time 
tagging - employs local sound cues to assist the aesthetic decision-mak ing 
processes. This usage of mimesis confirms the validity of the core theoretical 
proposal but questions the model´s  domain of application. Mimesis does not 
seem to be restricted to social interactions, it also encompasses the use of 
environmental features as material support for cognitive operations.  
Keller´s (2012) and Jones and coauthors´ (2012) suggestion that creative 
activities involve at least four types of operations can be assessed through 
observational studies. The procedures utilized in case 3 are applicable to this 
proposal. Nevertheless, an issue not addressed by the proposed models is 
whether there are structural mechanisms for knowledge transfer or if the 
participants adopt opportunistic strategies that resist formalization.  
Another notion that can be tested through experimental procedures is the 
concept of creative waste. The hypotheses related to waste production by trained 
musicians and by laypeople demand comparative studies that entail detailed 
observations of resource usage and disposal. In this case, a setup similar to the 
one used in case 2 - involving recordings of the sonic outcomes - might prove 
effective. But, of course, the methodological limitations observed in this study 
need to be addressed before adopting the procedure for other contexts.  
Finally, the issue of replicability gets particularly tricky when considering 
creative manifestations. A creative outcome at one instance of an experiment 
tends to wear off its value at a second or third instance. A strategy described as 
original in one context might become repetitive or inadequate when transposed 
to other situations. Therefore, the requirement of replicability has to be 
reconsidered when dealing with creative activities. Case 1 provides a good 
example of replication of procedures. Time tagging was employed effectively in 
different settings and by participants with varied profiles. Contrastingly, the 
methods laid out in case 2 seem to be inadequate for fast deployments. An 
important limitation is the time for preparation required by the use of specialized 
audio devices. In the same vein, the data-gathering protocol adopted in case 3 
may prove useful for remote asynchronous creative activities but it may not be 
well suited for synchronous collocated activities. Data tends to grow rapidly 
when all verbal and gestural interactions are recorded. As suggested by 
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Mumford et al. (2011), multiple strategies may be necessary to assess activities 
that entail both synchronous and asynchronous interactions. 
The concepts and the range of applications explored in ubimus research 
highlight the need of renewed approaches to music theory. As it has become clear 
from the issues raised by the three experimental studies discussed in this paper, 
ubiquitous music theory should not only engage with musical products. It also 
needs to deal with musical activities. A more fluid dialog with creativity studies 
would involve targeting both creative processes and products. Until now, music 
theory and music analysis have dealt with professional manifestations of creative 
practice, giving emphasis to eminent creativity. These manifestations rely heavily 
on domain-specific knowledge. Consequently, the literature on music theory has 
mostly been concerned with describing, explaining and supporting activities 
done by professional musicians. Ubimus research uncovers an uncharted field of 
study involving the participation of musically untrained stakeholders, musical 
activities that take place outside of artistic venues and resources that previously 
were not deemed worthy of consideration for artistic goals. This new field of 
study encompasses recent technological advances that push the limits of what is 
understood as creative music making, as it is the case with the manifestations of 
everyday musical creativity and the use of the Internet of Musical Things. The 
widespread presence of technology in our everyday life fosters fresh 
opportunities for creative intervention but at the same time presents challeng es 
that were unknown to pre-internet and pre-embedded computing societies. How 
should personal behavioral data be handled? What are the ethical implications of 
collectively sharing individual choices and personal preferences? The massive 
availability of musical products enabled by the internet is progressively being 
matched by the enhanced access to creative support platforms by non-musicians. 
While wide access to musical activities does not necessarily entail a positive social 
impact (the production and rapid distribution of fake news can be cited as a 
negative byproduct of a massively connected global society), several ubimus 
projects have shown that it is possible to equate technological development with 
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